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Abstract :
Large-eddy simulations (LES) of turbulent flow laden with a very large number of solid particles were performed, fol-
lowing the Euler-Lagrange framework. The motivation for this research is to get insight into fundamental aspects of
turbulent multiphase flows with one dispersed phase. These may be encountered in process engineering and are also of
relevance to environmental dispersion. Depending on the particle volume fraction and mass-loading, the modulation of
the turbulence follows the regime of one-, two- or four-way coupling. Macroscopic flow modifications may arise from
microscopic and mesoscopic interactions within the dispered phase and between the dispersed phase and the continuous
phase. The preferential clustering of inertial particles in turbulence and the macroscopic flow consequences at different
volume fractions will be discussed. The relevance of explicit sub-filter modeling for the dispersed phase will be investiga-
ted for turbulent channel flow, emphasizing the capturing ofturbophoresis.
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Many turbulent flows in the environment and in technology maybe significantly altered when a large ensemble
of embedded particles is included. This pertains to situations as diverse as the formation of rain, the dispersion
of hazardous pollutants in the atmosphere, transport of sediment in rivers and estuaries and in various appli-
cations in chemical process-engineering. A fundamental understanding of this ‘modulation’ of turbulence is
required in order to allow a proper management and prediction of processes at various scales.
Numerical simulation can provide important access to the dynamical processes behind the occurrence of such
‘non-ideal’ turbulence. To illustrate this, the gas-solidflow in homogeneous, isotropic turbulence, and in a ver-
tical channel are investigated at various volume fractionsand mass-loading. Direct- and large-eddy simulation
are adopted and a comparison between 2-way and 4-way coupling will be made. Results obtained with dif-
ferent sub-filter models for representing the dynamical consequences of small-scale turbulent flow features are
compared to direct numerical simulation. Attention will begiven to the inclusion of sub-filter scale motions in
the particle dynamics within LES, using regularization approaches combined with inverse filtering.
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FIG. 1 – Snapshots of the particle volume fraction showing iso-surfaces at times0.05 s apart.
The presence of a large number of interacting particles in a turbulent flow leads to a strong modulation of the
turbulence. These interactions can give rise to the occurrence of dynamic self-organization of the embedded
particles in coherent swarms ; an example of this is shown in Fig. 1 for turbulent channel flow.
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